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METHOD AND SYSTEM FOR CONTROLLING THE 
BIOLOGICAL SAMPLES DEVELOPMENT 



FIELD OF THE INVENTION 

This invention relates in general to monitoring and control of biological 
samples during their development as well as to their preservation. The invention is 
particularly useful for monitoring and controlling the samples development during 
5 Assisted Reproductive Technologies (ART) 

BACKGROUND OF THE INVENTION 

In the filed of cyropreservation and reproduction of biological samples 
many techniques and supporting technologies, including microscope monitoring 
have been and still are under development. As microscope is the basic tool for 
10 most biological procedures, it is very commonly used in biology. In every 
laboratory there are usually several types of microscopes and most of the devices 
have a special adapter for video or CCD camera. However, this simple approach 

has several limitations. 

One improvement of the basic microscope technology is described in 
15 US 6,166,761, providing a method an apparatus, which avoids the need for a 
microscope. Very small CCD or video cameras, with special adapters and 
microscopic lenses are provided to produce high quality imaging of biological 
samples in an incubator. 
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Embryo development is on example of a biological sample for monitoring 
and control during ART, by the use of the different cyropreservation and 
reproduction technologies under development. 

Infertility problems and treatment thereof is a growing area of health care. 
Many approaches are being developed to resolve problems with infertility. 
Infertility is understood to be the inability to conceive after six to twelve months 
of sexual activity without the use of contraceptives, depending on the age of the 
persons involved. Because infertility exerts extreme physical, emotional and 
financial stresses on those who are unable to conceive, there is a great need for 
improved aids for reproduction. By far the most common ART component is In 
Vitro Fertilization (TVF), which has grown explosively in the two decades since it 
was developed. In its simplest form, IVF consists of pharmaceutical stimulation 
of the female's ovaries to produce a large number of follicles. Eggs surgically 
harvested from these follicles are then mixed in the laboratory with the male's 
sperm. If fertilization is successful, the embryos are incubated for a short time 
and then transferred back to the female. If one of these embryos implants in the 
uterine wall, a successful pregnancy may follow. 

There are several modifications of this basic technique. For example, 
intracytoplasmic sperm injection (ICSI) can be used for cases of low sp6rm count 
or cases where the sperm has difficulty fertilizing the egg. Another IVF 
modification is Assisted Hatching (AH), a procedure in which the zona pellucida 
(the outer wall of the embryo) is mechanically cut or chemically etched, thereby 
partially exposing the embryo. In some laboratories, this procedure significantly 
improves implantation rates, particularly for older patients. Finally, IVF 
procedures can also incorporate donor tissues, including sperm, ova and embryos, 
for those individuals who cannot produce their own. 

Despite its great successes, IVF has several significant problems. First and 
foremost, the procedure is unpredictable. Although the ideal result of any IVF 
procedure is a single, live birth, a viable pregnancy occurs in only about 30% of 
all procedures. Conversely, IVF may result in a pregnancy with multiple 
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embryos. In this regard, twins and triplets pose relatively few risks beyond a 
single embryo pregnancy. The potential for problems, however, increases for 
higher order births. Selective embryo reduction is therefore often recommended 
for these cases. 

5 IVF begins with a source of sperm and oocyte. There is a virtually 100% 

certainty of obtaining these materials, using donor tissues if necessary. Next, 
fertilization occurs, and good IVF laboratories typically have a fertilization 
success rate of about 75%, using ICSI if appropriate. After a short incubation 
period, the resulting embryo is then introduced into the uterus, where 
io implantation occurs. 

Implantation is generally the limiting factor in overall IVF success. 
Implantation itself consists of several steps. First, the embryo must enter the 
uterine cavity. In normal reproduction, without ART, the embryo descends 
through the fallopian tubes. The embryo then comes into contact with some point 
15 on the uterine wall. Next, the embryo and wall surfaces fuse at the contact point. 
The uterine wall properties then change dramatically at the implantation site, thus 
allowing the embryo to become fully implanted. For IVF, the embryo is carried 
into the uterine cavity in a solution injected from a syringe inserted through the 
cervical canal. 

20 Although the implantation process appears to be simple enough, it is 

actually quite complicated and requires the coordination of many factors, some of 
which are unknown. A failure of any one of these processes prevents 
implantation and thus pregnancy. 

Currently, monitoring procedure of embryos is done manually, by taking 

25 the embryos out of the incubator, placing them under a microscope and 
investigating their development. However, this approach has several limitations 
that may result in damage to the embryos. To assure the best conditions for 
embryo development it is essential that the embryos remain in a stable controlled 
environment. 

30 In addition, during ART procedures special attention is paid to the issue of 
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matching between oocytes and sperms or embryos and patient. Even a minor 
mistake could lead to a personal disaster for the future parents. Only recently, an 
IVF mix-up occurred where black twins were bom to a white couple 
(http://news.bbc.co.Uk/l/hi/health/2 1 1552.stmV This blunder thus emphasizes the 
5 need in IFV procedures for carefully monitoring the processing of the oocyte and 
sperm during the entire ART procedures. 

SUMMARY OF THE INVENTION 

There is a need in the art to facilitate monitoring and controlling of 
biological samples development by providing a novel optical method and system. 
10 The main idea of the present invention consists of providing monitoring and 

controlling of the biological samples development and IVF, while in an incubator. 
Incubator is known as closed environment for maintaining a biological samples' 
equipped with the standard environment control means, such as temperature and 
humidity control means, CO2 and oxygen levels' control means, aseptic 
15 environment control means, etc. One example of an incubator which may be 
utilized in the method and system of the present invention is described in 
US 6,166,761, incorporated herein by reverence. 

The present invention provides a method and system enabling continuous 
monitoring and controlling of biological samples during their development in the 
20 incubator and during the IVF. By the method and system of the present invention, it 
is possible to retain the biological sample under a stable controlled environment. 
Therefore, the typical procedure of taking a biological sample, such as an embryo, 
out of an incubator for monitor under a microscope is avoided. 

As appreciated, taking a biological sample out of the incubator may harm 
25 the development of the sample and, at times, there is a need to monitor the 
development of the sample at predefined time-laps during the development process, 
e.g. every three hours (such as in the case of embryo development), which greatly 
increases the risk of harming the biological sample. Yet further, using a microscope 
for monitoring the biological sample outside the incubator requires that the 
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biological sample be contained in a special solution (oil), which may damage the 
sample. 

The present invention aims for providing a method and system for the 
continuous monitoring of samples, in particular, embryos, without the need to take 

5 the sample out of the incubator. 

Moreover, the present invention provides means for ensuring matching 
between at least two biological entities, e.g., biological samples (sperm sample, 
oocytes sample, embryo sample, blood sample, bone marrow sample, 
bacteria/antibiotic samples, drug or other agents sample), donor subjects, recipients, 

10 etc. To this end, the present invention utilizes a unique identification code (e.g., 
barcode), which is associated with the specific biological sample or a specific set of 
biological samples, and is identifiable through processing an image of the ID 
carrier, and sometimes concurrent processing of the image of the biological sample 
and its ID. This is achieved by enabling location of the barcode and the associated 

15 biological samples (together with their additional identification marks if any) 
within the imaging plane. 

When a specific set of biological samples is assigned with the same unique 
identification code or matching identification codes, the invention provides for 
concurrent identification of the biological samples to enable matching 

20 therebetween. The invention thereby prevents mix-up of biological samples. 

According to one aspect of the invention, there is provides a system and 
method for monitoring of embryo development. This aspect is referred to 
hereinafter as the "the embryo development embodiment". According to this 
embodiment, the system and method of the invention automatically monitors each 

25 embryo at predefined time-laps during development (e.g., every three hours) and 
stores this data, for example, as image files. It should be appreciated that the image 
files may be in the form of a single frame image or of continuous frames (e.g. a 
short video film). Each sample has its unique record (referred to as the "embryo 
record"). The system utilizes a modified incubator additionally equipped with 

30 optical, robotic and control means of the present invention. The optical means 
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includes at least one image acquisition system utilizing magnification optics (e.g., 
microscopic lens arrangement). The control means includes an external control 
system that is typically a computer system installed with specific utilities (hardware 
and software) and utilizes an image processing technique based on pattern 

5 recognition. The robotic means is operable by the control means and includes a 
sample positioning assembly for locating a selected one of the samples within an 
imaging plane. The system may also comprise a catheter/pipette for inserting 
required solutions into the sample drops to thereby control the media environment 
thereof, and/or may comprise a laser-assisted etcher for assisted hatching of the 

10 embryo. 

According to another aspect, the invention provides a system and method 
for controlling a process of biological entities matching. This in implemented by 
using a holder for each of the biological entities labeled with a unique identification 
code assigned to the respective biological entity, and a matcher device. The latter 

15 has a support platform for supporting the labeled holders, and an imaging 
arrangement operable to acquire images of the labels and generate data indicative 
thereof. The previously created records representative of matching sets of 
biological entities' identification codes are used for analyzing the image generated 
data to identify the identification codes and determine whether the respective 

20 biological entities belong to a matching set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in 
practice, preferred embodiments will now be described, by way of non-limiting 
example only, with reference to the accompanying drawings, in which: 
25 Fig. 1 illustrates biological samples' holders according to the invention; 

Fig. 2 is a schematic illustration of a matcher device according to the 
invention; 

Fig. 3 is a schematic illustration of an incubator equipped with a system 
according to the invention ( ''embryo-guard unit")\ 
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Fig. 4 is a schematic illustration of a medium changer assembly for 
maintaining controlled environment within a sample drop; 

Fig. 5 exemplifies the evaluation scheme obtained while monitoring 
embryos in the embryo-guard unit and used for selecting the best embryo for 
5 implantation; and 

Fig. 6 illustrates a flow diagram of the operational steps in the entire method 
of monitoring and controlling an IVF process including the operation of the 
matcher device and the embryo-guard unit 

DETAILED DESCRIPTION OF THE INVENTION 

10 More specifically, the present invention is used for monitoring and 

controlling of ART (such as IVF) and is therefore described below with respect to 
this specific application. It should, however, be understood that the invention may 
be useful for other applications dealing with biological samples handling. 

Referring to Fig. 1, there are illustrated two holders H t and H 2 containing a 

15 matching pair of oocyte and sperm samples, respectively, which are to be involved 
in a common fertilization process. The holder H| is shaped like a dish or plate for 
carrying oocytes samples. Such a dish is generally known and widely used in 
biological samples inspection processes, and therefore need not be more 
specifically described. According to the invention, the dish H, at its outer surface 

20 carries a label 10 that includes a unique identification code IDi (e.g., barcode) 
assigned to the specific female, to whom the specific oocyte samples belong, and 
has a pattern defining a certain number of spaced-apart sites (12 such sites in the 
present example) each for carrying one of the samples (sample drop containing a 
single oocyte). The sites are assigned with identification marks (numbers) 1,..., 12. 

25 The pattern may be in the form of a plurality of spaced-apart holes. Generally, at 
least the pattern elements (sites) of the label, and preferably the entire label region 
on which the ID is printed, are transparent with respect to predetermined radiation. 
The holder H| is preferably formed with a projecting portion 12 that serves for 
assisting in attaching the label to the dish surface. The portion 12 is preferably 
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formed with a marker M (black line) for assisting alignment of the dish-with-label 
during further procedures. The other holder H 2 is preferably shaped like a tube, and 
is also attached with a label including an identification code ED2, which may and 
may not be identical to TD\, but is that previously recorded as matching with K>i. 

5 In other words, the codes TD\ and BD2 present a matching set. 

The label may be attached to the dish by electrostatic means, by using 
organic glues (such as fibrinogen derived materials) or any other means, which do 
not influence or damage the sample in the dish. 

The provision of such matching labels (i.e., labels with matching IDs) on the 

10 pair of holders of biological samples to be paired, allows for automatic 
authentication of two holders arriving to a fertilization stage. 

Fig. 2 illustrates a matcher device 20 according to the invention. The 
matcher device 20 comprises a temperature and/or gas-controlled platform 22 (e.g., 
temperature of 37°C and/or oxygen level control) for supporting the holders and 

15 H 2 , an imaging means 24, and a control unit 26 connectable to the imaging means 
(through wires or wireless). In the present example, the imaging means comprises 
two imaging systems IS| and IS 2 for capturing images of the biological samples in 
holders H t and H 2 , respectively. These imaging systems utilize a common or 
separate light sources generating radiation of a spectral range and exposure time 

20 causing no damage to biological samples (such damage typically including 
peroxidation of the cells' lipids)(typically excluding UV and IR). The entire system 
IS X or at least its light source may be located below the dish (the so-called "back 
Illumination" mode), in which case the platform would be transparent or be of a 
frame-like design allowing back illuminated light propagation to the dish Hi. 

25 Each imaging system comprises its own lens arrangement and optical 

detector. Such an imaging system may be a digital or video camera. It should be 
understood that, generally, a single imaging system (digital or video camera) could 
be used for the same purposes, by sequentially capturing images of the sample- 
with-label in two holders. As for reading the corresponding identification codes 
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attached to the patients involved in this specific IVF procedure, a portable barcode 
scanner can be used. 

The control unit 22 operates the imaging systems IS, and IS2 for 
substantially simultaneous imaging the IDs and to analyze the images to determine 
5 whether the IDs match each other or not, and generate a signal indicative thereof. 
The control unit 22 is a computer system preprogrammed with suitable software for 
carrying out pattern recognition based image processing, and utilizing a database 
where the matching ID sets are previously recorded. 

Fig. 3 schematically illustrates an incubator 30 equipped with a system 32 
10 according to the invention (referred to as "embryo-guard unit"). The system 32 
comprises an optical arrangement 34 and a sample positioning stage 36 located 
inside the incubator 30, and an external control system 38. 

To facilitate illustration, all the conventional elements of the incubator (such 
as temperature, humidity, CO2 and oxygen levels, ligjit and other control means) 
15 known per se are not shown here. Generally speaking, the incubator is designed 
and operated to maintain the following environmental conditions: substantially 
• steady temperature of 38°C; a CO2 level of 5%, oxygen level between 5 to 25%, a 
100% relative humidity, substantially dark and sterilized environment. 

The positioning stage 36 serves for supporting a plurality of embryos 
20 containing dishes Hi, ... Hn. The system therefore enables concurrent monitoring 
and controlling of multiple patients' samples within one embryo-guard unit. The 
dishes are arranged in a circular array, and the stage 36 is rotatable so as to bring 
each one of the dishes to an imaging position with respect to the optical 
arrangement 34. 

25 The optical arrangement 34 is an imaging system (camera) including a light 

source arrangement, a lens arrangement, and a light detection arrangement. The 
construction and operation of all these elements are known per se and are therefore 
not specifically shown and described, except to note the following. A light emitting 
unit of the light source arrangement may be located inside the incubator, or outside 

30 thereof in which case emitted light is directed towards the inside of the incubator 
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via fiber(s). the light may be of any source, a short exposure of the embryo to 
which does not damage the latter. Such light sources include visible light, infrared 
light, ultraviolet light and others. 

The system 32 is intended for monitoring the samples inside the incubator 

5 for the purpose of evaluating development of the embryos, and eventually selecting 
the most suitable embryo for each subject (patient) for further implantation in the 
uterine wall. To this end, imaging of the samples, as well as samples' identification, 
are to be carried out. Generally, the imaging procedure includes the following: 
simultaneous imaging of the entire dish (all the sample drops in the dish and the 

10 ID/identification marks), imaging of the sample drop only, and imaging of the 
embryo within the drop. These three image acquisition procedures practically need 
different magnification optics, and therefore can be implemented by three different 
imaging systems having different image magnification factors and/or fields of 
view, or by the same imaging system with changeable lens arrangements. For 

15 example, for imaging the entire dish-with-label a magnification factor of 1-2 is 
used, for imaging the specific sample drop a magnification factor of 2-6 is used, 
and for imaging the embryo within the sample drop a magnification factor of 10- 
100 is used. The imaging system is also preferably equipped with an auto-focus 
arrangement. 

20 It should be noted, although not specifically shown, that the system 32 

preferably also contains means for carrying out a fertilization stage. Such means 
may include a zona drilling tool which assists fertilization, or a micromanipulation 
tool, such as that used in a fertilization process known as intracytoplasmic sperm 
injection (ICSI). These processes may be automatically operated by displacing 

25 (rotating) either the stage 36 or the tool to bring the tool to a respective position 
with respect to a selected sample. It should, however, be noted that the fertilization 
may be performed outside the system 32, as well as may be done by using of a 
standard samples' mixing procedure, in which case it is preferably carried out 
automatically: a portion of the sperm sample is automatically brought in contact 

30 with an oocyte sample drop. If the fertilization is carried out inside the incubator 



un- 
equipped with the system 32 of the present invention, the same optical arrangement 
34 is used for imaging the fertilized oocyte sample and recording the sample-with- 
IDi image. At times, the fertilized oocyte sample may be assigned with another ID 
associated with said JD{ matching set 
5 Further preferably provided in the system 32 is a medium changer assembly 

40 shown in Fig* 4. The medium changer assembly 40 is aimed at maintaining 
controlled environment within the sample drop SD (located in a selected site of the 
dish). The medium changer 40 is typically in the form of a catheter or pipette for 
adding the required medium into the sample drop such as cleavage medium or 
10 blastocyst medium. The medium to be provided to the embryo is typically kept at 
low temperature, e.g. 4°C and is warmed (e.g. to a temperature of 37°C) and gazed 
before use. The medium changer may also be employed for fertilization or for 
exposing the embryo to other suitable agents (in example, cryoprotectants or dyes). 
The system 32 may operate as follows: The stage 36 is periodically actuated 
15 for rotation, e.g., every three hours, and during the rotation cycle, the sample dishes 
are successively brought to the imaging position with respect to the camera(s) 34. 
The control system 38 is preferably equipped with a specific electronic card for 
controlling the movement of the stage. The cameras (or a single camera with 
changeable lenses) are operated to acquire three images within the respective dish 
20 as described above, wherein for imaging of the embryo within the sample drop, the 
camera is moved with respect to the stationer sample drop. The control system 38 
may for example utilize the RS 232 composite video channel or USB 
protocol/connection for inputting the image related data coming from the camera 
into a frame grabber card. The magnification factor between the image related data 
25 coming from the camera (CCD) and a control system monitor may for example be 
about 20. The magnification can be carried out by suitable digital means. In a 
specific example, the entire dish appears on the monitor with a 54mm diameter, the 
sample drop appears on the monitor with a 5mm diameter, and the embryo appears 
on the monitor with a 0.1mm- 10mm diameter. The control system preferably 
30 utilizes specific software enabling simultaneous appearance of all these three 
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images on the monitor. Preferably, the control system performs the so-called 
learning mode for each specific set of dishes. The control system can be 
connectable to other system(s) through any known communication protocol, for 
example allowing operation of the monitoring and controlling process through the 
5 Internet. 

It should be noted that the simultaneous imaging of the entire dish-with- 
label enables real time visualization and evaluation of all the drops within the dish. 
The evaluation of the embryo stage includes inter alia the following development 
stages: meiosis, mitosis, number of cells within the embryo (2, 3,... 8), blastocyst, 

10 etc. Typically, each embryo is kept within the embryo-guard unit between 1 to 5 
days until obtaining a desired stage in the development of the embryo such as 
blastocyst ready for implantation. The evaluation scheme is exemplified in Fig. 5. 
This procedure allows for comparing all the samples simultaneously with a 
reference sample to thereby improving the quality control of the sample 

15 development and selection of the best embryo for implantation. The remaining 
(non-selected) embryos may then be transferred from the incubator for storage 
according to any known procedures, e.g., cryopreservation. The technique of the 
present invention thus enables obtaining and managing of complete documentation 
relating to the embryo development for each subject. 

20 The entire technique of the present invention will now be described more 

specifically with reference to Fig. 6. Patients interested in the IVF procedure are 
assigned with unique IDs, thereby creating matching sets (e.g., pairs) of IDs. Data 
indicative of the IDs are presented on labels attached to the patients and 
corresponding samples' containing dishes, and recorded in a central control system. 

25 The latter is also recorded with data indicative of a physician responsible for a 
specific procedure, who preferably utilizes a personal controller during samples' 
manipulation, data collection and recording. Also recorded in the central control 
system is data indicative of the respective matcher device (one of the plurality of 
matcher devices) in which matching of samples is verified. After fertilization, the 

30 fertilized eggs-containing dish is preferably assigned and labeled with an 
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identification code associated with the specific matching pair. The fertilized eggs- 
containing dish is then transferred to the embryo-guard unit for embryo 
development, where its development is monitored until selection of the best 
embryo for implantation. As indicated above 3 fertilization can be carried out within 
the embryo-guard unit Prior to implantation, the IDs on the selected embryo 
containing dish and patient are again inspected for matching. Non-selected 
embryos are transferred to the preservation system, and may then be used for future 
implantation, for example in case of unsuccessful initial implantation or 
miscarriage. 

A non-limiting example of the entire technique of the present invention, 
including the matcher device and the embryo-guard unit and their combined 
operation is detailed in the attached Annex A. 

Thos skilled in the art will readily appreciate that various modifications and 
changes can be applied to the embodiments of the invention as hereinbefore 
exemplified without departing from its scope defined in and by the appended 
claims. 
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CLAEMS: 

1. A system for controlling a process of biological entities matching, the 
device comprising: 

- a holder for each of the biological entities, each holder being labeled with a 
5 unique identification code assigned to the respective biological entity; 

- a matcher device having a support platform for supporting the labeled 
holders, and an imaging arrangement operable to acquire images of the 
labels, and generate data indicative thereof; 

- a control system having a memory utility for storing records each 
io representative of matching sets of biological entities' identification codes, 

and for storing said generated data, the control system being operable to 
analyze the generated data to identify the identification codes and determine 
whether the respective biological entities belong to a matching set. 

2. A system for monitoring and controlling a process of embryo 
15 development, the system comprising an incubator including: 

- a support stage for carrying at least one embryo-containing holder labeled 
with a unique identification code, such that the identification code and an 
embryo-containing site in the holder are located in an imaging plane; 

- an imaging arrangement operable for imaging said unique identification 
20 code and the embryo within the respective holder, and generating data 

indicative thereof; and 

- a control system for periodically operating said imaging arrangement and 
analyzing said generated data to evaluate the embryo development. 

3. A label for attaching to a biological sample holder, the label carrying an 
25 identification code to be associated with the biological samples in the holder, and 

having a pattern defining spaced-apart sites for locating therein the biological 
samples. 

4. A method for identifying a biological sample comprising: 

- assigning a biological sample with an identification code; 
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- providing a biological sample to be identified, the biological sample being 
located within a biological sample holder, the holder being attached with a 
label having attached thereto an identification code; 

- acquiring an image of the identification code on the label and generating 
data indicative thereof; 

- by image processing, analyzing the identification code on the label and 
determining the biological sample to which the identification code is 
assigned. 

5. A method for controlling a process of biological entities matching, the 
method comprising: 

- labeling each biological entity containing holder with a unique identification 
code assigned to said biological entity; 

- providing data records each representative of matching sets of the biological 
entities' identification codes; 

- acquiring images of the identification codes on the labels and generate data 
indicative thereof; 

- analyzing the generated data to identify the identification codes and 
determine whether the respective biological entities belong to a matching 
set. 

6. A method for monitoring and controlling a process of embryo 
development, the method comprising: 

- providing an incubator including a support stage and an imaging 
arrangement; 

- locating at least one embryo-containing holder labeled with a unique 
identification code on the support stage, such that the identification code and 
an embryo-containing site in the holder are located in an imaging plane; 

- acquiring images of said unique identification code and of the embryo 
within the respective holder, and generating data indicative thereof; and 

- analyzing said generated data to evaluate the embryo development 
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Annex A 

1. Introduction 

1.1 General 

Observing embryos during early stage development is one of the best means for 
selecting the best embryo for transfer (Edward IVF pioneer). 
Presently, the monitoring of embryos in vitro is conducted manually by 
embryologists. The embryos are evaluated several times a day under a stereo- 
microscope located outside the incubator. This method is detrimental for the 
preservation of optimal conditions necessary for embryo development and causes 
fluctuations of temperature from the optimal 37°C, uncontrolled C0 2 environment 
and light exposure for approximately 10 minutes a day. In addition, when higher 
magnification is necessary the embryos are observed with an inverted microscope, 
which is normally located outside the laminar flow which increases the risk for 
contamination. 

The Embryo-Guard is a new system which contains several microscopic CCD 
cameras located inside the IVF incubator, and an active matching quality control 
tool. 

The system is designed to perform: 

• On line monitoring & time laps evaluation of embryos inside the 
incubator. 

• Improved implantation success rates by selecting embryos based on 
cleavage timing. 

• Optimal management of IVF lab procedures 

• Controlled & documented matching utilizing barcode identification. 

• Complete documentation of all procedures 

• On line control per procedure 

• Internet compatibility 

• Real time evaluation of up to 12 dishes simultaneously 
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• Full robotic 3D movement of CCD microscopic cameras inside the 
incubator 

• Reduces the need to open the incubator 

In addition, The Embryo-Guard "Matcher" System is a barcode controlled matching 
system developed to prevent mismatching during IVF procedures. The Matcher can 
be used as a part of the Embryo-Guard system, or as a stand-alone system. The 
The Matcher system serves as an essential tool in the quality control process of the 
IVF procedure. The Barcode is identified using imaging and analysis of photographs 
taken by CCD cameras. The system enables identification of the patients through 
their unique Barcode. 

The Embryo-Guard System includes: 

- The Embryo-Guard machine installed inside the IVF incubator 
One or more "Matcher" working station units 

- Portable barcode scanner, built in a hand held PC commercial system 

- Cradle 

- PC 

RS232 communication system and video cable 
Stickers "Consumables" with a printed Barcode 

1 .2 Device Description 

The Embryo-Guard is designed to track an embryo located in an incubator in a 
continuous and automatic manner while recording the results by using images and an 
invariable database of Barcodes that accompany the process from initiation until the 
end of the process. The system is equipped with several CCD cameras which deliver 
images in various sizes. Starting with a view of the full Petri dish and then to a view 
of a single embryo the size of the monitor. The optical system is placed on a mobile 
optical table that is able to move along the X-Y axes and the Z-axis is intended to 
focus all of the lenses (xl, x4, x20) to a final magnification of X20, X80 and X 400. 
The Petri dish is placed on a round rotating plate with 12 openings and is controlled 
by a phase control system that enables a technician to reach each and every plate 



based upon the user's choice. The system enables to track each embryo on each and 
every Petri dish upon demand. 

With computerized assistance the system can be taught of the location of each embryo 
by tracking the embryo, centering it on the monitor and saving the location on the 
invariable database. Saving the data enables work with automatic movement while 
repeating the cycle for each embryo. The photographs are saved the in the database. 
The system that is located within the incubator is exposed to the exact same 
environmental conditions associated with the incubator itself, including but not 
limited to the temperature, the air composition and the humidity. The instrument is 
attached to an external control box that supplies it with a low DC voltage and 
communication thereof to an electronic card. The control box is affixed to a PC 
computer and a navigation joystick to the phase control. 

The Embryo "Matcher" device is a barcode controlled matching system developed to 
prevent mismatching during IVF procedures. The Matcher can be used as part of the 
Embryo-Guard system, or as a stand-alone unit. It serves as an essential tool in the 
quality control process of the IVF procedure and enables linking a number of Embryo 
Matcher units to one central computer. 

Based upon the characteristics of the designated action to be performed, the 
instrument operates a generic testing procedure that includes the number of 
components it is meant to test, and to verify the correctness of the code. The entire 
operative process is conducted in the petri dish, as long as it is still located outside the 
mother instrument, is accompanied by continuous reviewing between the petri dishes 
and the test tube. In the event that at some point a discrepancy should occur in the 
content of the barcode, the system alerts of the same by sending a notice to the 
Matcher screen, transmitting a record of the discrepancy to the central computer, 
operation of a buzzer and lighting up a flashing red LED until the problem is solved 
by the user. The central computer conducts a complete recording of all the barcode 
comparative actions from all the system units. 

The Matcher system is comprised of an LCD monitor, and a small keyboard to 
conduct command operations from the central computer. The Petri dishes are placed 
at the barcode-testing phase in the Embryo Matcher system upon a surface heated to 
37°C, controlled by a microprocessor and temperature sensor. The temperature will 
be permanently shown on the right hand side of the screen. The sperm vials are 
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located in an unheated surface area. The Matcher includes Backlight surfaces based 
on the White LED technology. The dish and vial charging surface is located opposite 
an optical sensors. This indicates to the system if they are present or absent from the 
waiting position. 

The Hand held PC kicks in to action in the event of ovum pick up or embryo 
implantation. 

The physician scans the patient's wrist bracelet with the Hand held PC, and once a 
successful match is made between the code on the patient's bracelet and the data 
located in the Hand held PC memory, the procedure is approved. In the event of ovum 
pick up, a sticker with the patient's barcode identification number is attached to the 
back of the petri dish that is intended to be placed in the Embryo-Guard unit The 
Hand held PC is returned to the Cradle and connected to the main PC. The patient's 
barcode is transmitted to all the system's units and from this point onwards, an 
external surveillance is conducted for that specific barcode. Handling of the oocytes 
and conducting the insemination are preformed inside the laminar flow. 
Moving the dish or the test tube from the Matcher unit is immediately detected by 
optical sensors and transmitted to the central computer when matching is completed. 
The central computer transmits the data to the Matcher unit that updates the screen 
with the new status. 
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1.3 Technical Specification 

The system is composed of nine elements: 

1. The body of the instrument, including inter alia all the mechanical and optical 
components in a steel kit (stainless steel). 

2. A rotating plate accommodating 12 Petri dishes, 60-millimeters in diameter 
(aluminum). 

3. An external navigation handle that includes a joystick to control the X-Y 
movements and an additional button to control the focus. 

4. A Control Unit box that comprises the power supply and connector card. 

5. Standard PC desktop computer with an image capture card 

6. One or more "Matcher" units working station 

7. Portable barcode scanner, built in a hand held PC commercial system 
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8. Cradle 

9. A stickers with a printed Barcode. 

The instrument is designed to work from within the incubator. The incubator shelf 
size is at least 48 x 48 cm under the following environmental conditions: 
Static temperature reaching 37° C 

C0 2 levelof5% , 
Oxygen control of 5%-21% 
Relative humidity of -95% 
Clean Environment 

The system is designed for continuous use, on a real time basis, from within the 
incubator. The operational cycles extends for up to 7 days per Petri dish. 
Management of the 12 transparent Petri Dishes, 60mm in diameter, is conducted 
via the PC. Each dish is marked with a barcode sticker pursuant to the 
specifications and the dishes are placed in a single circle on the rotating plate. 
Identification of the barcode is based upon analysis of the picture via the CCD 
wide-angled lens camera. 

The oocyte identification system is comprised of three CCD cameras with the 

capability of extending to x4 and x20 lenses. The cameras are located on the 

» 

optical table that moves along the three axes. The electric focus equipped with a 
tiny step motor is placed on the Z-axis. A Joystick unit can be used to exercise 
control over the focus. The background light system providing the cameras is 
based on the White LED technology. All three cameras are linked to one screen 
(monitor or PC) using an electronic multiplexer. 

Control over the system's motors and peripheral components is conducted through 
a designated electronic card, Control over all the system's operations is exercised 
through an electronic control board (with an option to control the same via a PC). 
The connection between the PC and the Embryo-Guard is conducted by an RS232 
communication, using impermeable cables. The cables are inserted into the 
incubator through an opening designed specifically for the insertion of standard 
cables. A Composite Video line connects the Embryo-Guard to the PC Frame 
Grabber card. The system's power suppliers are located in the control box. 
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Processing Voltage: 
Input - 80-250 VAC 
Purveyance - 24,12,5 VDC 
Average current - 2 A 

Size and Dimensions: 
395 x 470 mm. 
Height 280 mm. 

The pictures are stored in a special database on the PC. The database includes all 
the standard database activities such as, saving, profile extraction, structured 
search, archive, print etc. 

The system shall be operated by a designated MMI on the computer monitor. 

Defining the Optical Requirements: 
CCD at a size of 1/4 inch to 1/3 inch. 

1 0-inch window 1 on the computer monitor (based upon the user's choice). 
CCD Resolution: 

X4 Camera 450 TV Lines 1/3 inch 
X20 Camera 330 TV Lines l A inch 
Wide-angled camera 330 TV Lines l A inch. 

Increments: 

The increment between the CCD to the monitor will be approximately 20. 
Scanning embryo locations - all the dishes will appear on the 60 mm diameter 
screen. 

Scanning droplets - a part of a single droplet will appear on the entire monitor 1 

mm in diameter. Increments of 80. Optical increment of x4 
Embryo scanning - a single embryo appears on the entire screen at 0.1mm. Over-all 
increment of 400. Optical increment of x20. Under these increments, each embryo 
cell that was split into 8 parts will be approximately 40 mm in diameter. 
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3* Preliminary Studies 

3.1 Introduction 

The Embryo-Guard system is a very useful tool for evaluating embryo development. 
It enables us to provide the embryos with the optimal conditions necessary (37°C, 
5%C0 2 and 95% humidity) without removing them from the incubator except for 
performing IVF related procedures. The system offers on line monitoring as well as 
time laps evaluation of embryos inside the incubator. 

The experiments below were conducted in order to prove that the Embryo-Guard 
bears no influence on the development of embryos in a culture dish. 
The environment in close proximity to the Embryo-Guard was tested, the influence of 
movement, light and the label toxicity on the embryos. 

3.2 Materials & Methods 

Female CB6F1 (3 weeks old) mice bred from stock (obtained from Harlan, Jerusalem, 
Israel) were kept under controlled conditions (12h light, 12h dark) and fed water and 
pellets Teklad (Harlan, Israel). Ovaries were stimulated by intraperitoneal injection of 
0.1ml pregnant mare's serum gonadotropin (PMSG) (Sigma, St. louise, USA), and 
human chorionic gonadotropin (HCG) (Sigma, St. louise, USA) 47 hours later. The 
females were mated with FVB/N males. Twelve hours after mating, animals were 
sacrificed by cervical dislocation and the ampoule was removed immediately into M2 
medium (Sigma, St. louise, USA). 2PN stage embryos were flushed into a 300 M<g/ml 
hyaloronidase (Sigma, St. louise, USA) drop. After washing the embryos three times 
in M2 and M16 (Sigma, St. louise, USA) they were divided into 2Q\x\ drops, each 
drop containing 20 embryos and cultured under mineral oil (Sigma, St. louise, USA). 
The dishes were placed in the EmbryoGuard in the incubator (ThermoForma 31 10, 
Ohio, USA) at 37°C, 5%C0 2 and 95% humidity. One control group consisting of 
20 embryos in 20(il drops under mineral oil was placed in the same incubator with the 
EmbryoGuard on a another shelf (control 1) and the second control (control 2) dish 
was placed in another incubator (without the Embryoguard) with the exact same 
environmental condition. The embryo development was evaluated every 24 hours 
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manually. The dishes placed in the EmbryoGuard, were rotated and pictures were 
taken. The temperature in the incubator was recorded using a data logger (ALMEMO 
2290-4, Germany) connected to a PC. 

In the dishes that were used for the sticker experiment the embryos were divided in 
the same manner as in the control groups (20 embryos in 20^x1 drops under mineral 
oil). The stickers were attached on the inside upper lid of the Petri dish in order to 
magnify the effect of the glue and inc on the embryos. The dished were placed in the 
incubator that did not contain the Embryoguard. 

Embryonic development among different treatment groups were compared initially 
using Chi-square (#*) analysis. If significant differences existed among groups, pair- 
wise comparisons were made. Probabilities of treatment difference <0.05 were 
considered significant. 

33 Results 

The cleavage rate of 2PN embryo in the EmbryoGuard 24h after fertilization was 82% 
(115/140), Control group 1 was 84% (136/162), Control group 2 was 90% (197/220) 
and the group which tested the toxicity of the stickers was 86% (120/140). The 
balstocysts formation on the fifth day after fertilization was 45% (52/115), 49% 
(67/136), 54% (106/197) and 58% (70/120), respectively. (Table. 1) 



Table 1 : Embryo development 



Treatment 


Total 2PN 


Cleavage rate ±S.E 
(N) 


Blastocyst rate±S.E 
(N) *** 


EmbryoGuard 


140 


82%+3.2(115) 


45%+4.6 (52) 


•Control 1 


162 


84%±2.8 (136) 


49%±4.2 (67) 


** Control 2 


220 


90%±2.0(197) 


54%±3.5 (106) 


Sticker 


140 


86%+2.9(120) . 


58%+4.5 (70) 
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* Using the same incubator with the EmbryoGuard on another shelf. 
** Using another incubator with the exact same environmental 

condition as the EmbryoGuard incubator. 
*** Blastocyte rate out of cleaving embryos. 




Fig. 1 comparison between control 1 and control 2 
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Fig. 2 comparison between control 2 and the sticker group 
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Fig. 3 comparison between control 1 and the EmbryoGuard group 



The temperature remained steady throughout the entire experiment in the 
EmbryoGuard incubator 36.7°C ±0.2. (Fig.4) 
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Fig.4- Temperature recording 



3.4 Conclusions 

Results from a previous experiment (Arav et al ICAR 2000) using CCD cameras for 
continues evaluation of balstocysts and an appropriate background light source inside 
an incubator, correlate with our last experiments which showed normal cleaving 
development that does not differ from both control groups - one in the same incubator 
and the other in another with the exact same conditions. Analysis of results obtained, 
showed that there were no significant differences (PO.05) between the control groups 
(Fig. 1) throughout the entire embryonic development. This confirms that the 
environmental conditions in the incubator consisting of the EmbryoGuard unit where 
not disturbed. When comparing control 1 group to the EmbryoGuard group (Fig. 3) 
the embryos continued to develop to the blastocyst stage, with no significant 
differences. The sticker group consistently, did not show lower development than 
control group 2 (fig. 2) which incubated in the same incubator. 

It is thus concluded that neither the illumination nor any source of light radiation 
affects the embryos growth. A suitable incubation environment was maintained while 
the Embryo-Guard unit operated within the incubator. There were no temperature 
fluctuation and the gas circulation was not impaired (Fig. 4). The fact that the 



•5 27 

stainless steel plate rotated during the automatic evaluation process, did not affect the 
embryos. The labels (glue and inc) were also not found to have a toxic affect on the 
embryos (Table 1). 

4. Risk analysis 

Risks associated with the use of the EmbryoGuard includes those risks associated 
with the IVF process as well as additional risks related to the use of the 
EmbryoGuard. 

Risk analysis of the EmbryoGuard unit indicates towards two main factors - the light 
and the sterilization processes. 

All efforts were made to minimize these risks by using all possible means of 
sterilization and by selecting the means of illumination that are less than the common 
practice that is used today in the labs during routine IVF process. 

4.1 Illumination 

Cold and warm light sources are used for the intensive illumination of different kinds 
of objects. Although there is very little knowledge of the effect of illumination on 
embryos the common assumption is that light does have an effect on embryo 
development. Nevertheless time laps videoing, including continuous illumination was 
used in several studied without causing major damage (Arav et al ICAR 2000). 

4.1.1 Luminous Intensity 

The intensity of light used in a microscope is 6001m (lumen), the equivalent of 35 
Watts. In comparison the white LED light used in the EmbryoGuard system is 9200 
mcd (Millicandela's), which is equivalent to approximately 60mW (MilliWatt). This 
figure correlates with the width of a light beam coming from a 20° direction. 
These facts make it clear that the intensity of light used in the EmbryoGuard is lower 
than light emitted from a microscope and thus it helps maintain the embryos in 
optimal conditions. 
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4.1.2 Type of light 

The wave length spectrum that is visible to the human eye from light emitted through 
a microscope varies between 450 nm and 750 nm. This is the same wavelength as is 
emitted from the white LED light installed in the EmbryoGuard unit. 

4.1.3 Length of exposure 

Currently, the monitoring of embryos is conducted manually by embryologists. The 
embryos are removed from the incubator 1-3 times a day for evaluation. This exposes 
them to light for approximately 10 minutes a day. The Embryo-Guard unit minimizes 
the embryos exposure to light as they are only exposed to light for 30 seconds a day 
(in the case they are photographed 3 times a day). 

The general effect of exposure to light has not yet been determined, however use of 
the Embryo-Guard unit significantly decreases the exposure of the embryos to. light 
and it's possibly harmful effects. 

4.2 Sterility 

Prior to placing the Embryo-Guard unit in the incubator it must be sterilized in order 
to maintain a clean and sterile environment. The system is delivered to the customer's 
laboratory when it is sealed and ready for use. 

The Embryo-Guard is composed of anodized stainless still. Therefore the following 
six sterilization steps are carried out before delivery to ensure sterility of the device: 

1) Wipe of the interior elements with 70% ethanoL 

2) Ultra Violet radiation of the device body and the lid separately for an hour. 

3) Assembly of the lid and the body in a clean environment (laminar flow). 

4) Wipe again with 70% ethanol 

5) Transfer of the Embryo-Guard unit in a sealed nylon bag to the investigational site. 

6) Wipe again with 70% ethanol prior to installing the Embryo-Guard in the 
investigational incubator. 
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Attorney Docket No.: U014254-3 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

WRITTEN ASSERTION OF SMALL ENTITY STATUS 
This is written assertion on the basis of: 

d personal knowledge; 

□ applicant's letter of ; 



□ applicant's agent's letter of ; or 

G3 e-mail of October 10. 2002 

by a practitioner (not necessarily of record) that the above application is entitled to small entity status 
and, therefore, fees. 

CERTIFICATION UNDER 37 C.F.R. 1.8(a) and 1.10* 

(When using Express Mail, the Express Mail label number is mandatory; 
Express Mail certification is optional.) 

I hereby certify that, on the date shown below, this correspondence is being: 

MAILING 

IS deposited with the United States Postal Service in an envelope addressed to the Assistant Commissioner for 
Patents, Washington, D.C. 20231 . 

37 C.F.R. 1.8(a) 37 C.F.R. 1.10* 

□ with sufficient postage as first class mail. ^ as "Express Mail Post Office to Address" 



TRANSMISSION 

transmitted by facsimile to the Patent and Trademark Office^ 

Date: October 10. 2002 



Mailing Label No. EV011024780US 
(mandatory) 




SUE DARGENIO 



{type or print name of person certifying) 



•WARNING: Each paper or fee filed by "Express Mail " must have the number of the "Express Mail " mailing label 
placed thereon prior to mailing. 37 C.F.R. 1.10(b). 

"Since the filing of correspondence under § 1. 10 without the Express Mail mailing label thereon is an 
oversight that can be avoided by the exercise of reasonable care, requests for waiver of this requirement 
will not be granted on petition. " Notice of Oct. 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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NOTE: "To establish small entity status after the payment of the basic filing or national stage fee as a non-small entity, a 
written assertion of small entity status is required to be submitted. " Notice of September 8, 2000, 65 Fed. Reg. 
54604, at 54609. 

NOTE: 37 CF.R. § 1 27(c)(1)- "Assertion by writing. Small entity status may be established by a written assertion of 
entitlement to small entity status. A written assertion must: 

(i) Be clearly identifiable; 

(ii) Be signed (see paragraph (c)(2) of this section); and 

flii) Convey the concept of entitlement to small entity status, such as by stating that applicant is a small 

entity, or that small entity status is entitled to be asserted for the application or patent. While no specific 
words or wording are required t assert small entity status, the intent to assert small entity status must be 
clearly indicated in order to comply with the assertion requirement. " 

NOTE: 37 C.F.R. § 1.27(c)(2): "Parties who can sign and file the written assertion. The written assertion can be signed 
by: 

fi) One of the parties identified in § J. 33. (b) (e.g. an attorney or agent registered with the Office). § 3. 73(b) 

of this chapter notwithstanding, who can also file the written assertion; 

(ii) At least one of the individuals identified as an inventor (even though a § 1.63 executed oath or 
declaration has not been submitted), notwithstanding § 1.33(b)(4), who can also file the written 
assertion pursuant to the exception under § 1.33(b) of this part; or 

flii) An assignee of an undivided part interest, notwithstanding §§ J.33(b(3) and 3. 73(b) of this chapter, but 
the partial assignee cannot file the assertion without resort to a party identified under § 1.33(b) of this 
part" 

35 C.F.R. § 1.33(b): 

(b) Amendment and other papers. Amendments and other papers, except for written assertions 
pursuant to § 1.27(c)(2)(H) of this part, filed in the application must be signed by. 

(1) A registered attorney or agent of record appointed in compliance with § 1.34(b); 

(2) A registered attorney or agent not of record who acts in a representative capacity under 
the provisions of § 1.34(a); 

(3) An assignee as provided for under § 3. 71(b) of this chapter; or 

(4) All of the applicants (§ 1.41(b)) for patent, unless there is an assignee of the entire 
interest and such assignee has taken action in the application in accordance with § 3. 71 
of this cliapter. 




New York, N. Y. 10023 

Reg. No.: 25,858 (212) 708-1930 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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